A rapid, sensitive, and reproducible assay for determination of platelet serotonin is reported. Serotonin is extracted into an ascorbic acid solution by freezing and thawing and sonication. Ascorbic acid stabilizes the serotonin in the extract, and added ethanol enhances the final fluorescence of serotonin, which is measured in a concentrated hydrochloric acid medium (activation at 295 nm and emission at 540 nm). The method has an average coefficient of variation of 4.1 %; 95% of added standards is accounted for. The average serotonin content of platelets from 15 men, ages 30-65 years, was 0.67 (SE 0.03) .tg/1O9 platelets, which compares favorably with previously reported values. 5-Hydroxyindole compounds such as 5-hydroxyindole-3-acetic acid and 5-hydroxytryptophan interfere with the assay, but there is relatively little of these compounds in platelets.
The biogenic amine serotonin (5 HT, 5-hydroxytryptamine) occurs in man primarily in serotonergic neurons in the brain, in the enterochromaffin cells of the intestine, and in blood platelets. The 5HT in platelets, present in the electron-dense storage granules found in the central core, is released along with ADP, catecholamines, calcium, and platelet factor 4 during the first phase of the release reaction (1). In addition to its importance in the platelet-release reaction, the amine uptake mechanisms and storage of 5HT by the platelets resemble synaptosomes and thus serve as models for studies of neurotransmission (2) . For all of these investigations a fast, sensitive, and reproducible assay for platelet serotonin is required.
Many methods have been reported for the chemical assay of 5HT in blood platelets (3) (4) (5) (6) (7) (8) (9) (10) . The most commonly used assay procedures for 5HT in biological tissues involve its extraction and spectrophotofluorometric quantitation
(3).
Several investigators have adapted this technique to measurement of 5HT in platelets (3-7, 9, 10) . The instability of 5HT under various assay conditions has resulted in problems with reproducibility and accuracy. It is essential that any routine procedure for 5HT in platelets be very sensitive, so that small samples of blood can be used.
Here we describe a method for 5HT in platelets in which ascorbic acid is used to stabilize the 5HT and ethanol to enhance the fluorescence of the compound during assay.
Materials and Methods
We counted platelets in diluted aliquots of platelet-rich plasma with an electronic counter (Model ZBI; Coulter Electronics, Inc., Hialeah, FL 33010 
Procedure:
Draw venous blood into standard 10-mL lavender-top glass Vacutainer Tubes (Becton-Dickinson, Rutherford, NJ 07070). Obtain platelet-rich plasma (PRP) by centrifugation at 250 X g for 10 mm. Collect the PRP with a Pasteur pipet and keep it shaking gently in a plastic tube. Mix 5 zL of the PRP with 20 mL of Isoton II and obtain the platelet count, using the following settings of the counter: lower threshold 5, upper threshold 50, aperture 70 sm, 1/ amplifications 1/2, 1/aperture current 1/2. Ascertain instrumental accuracy by using human platelet reference controls ("Platelet Chex"; Streck Labs, Inc., P.O. Box 6036, Omaha, NE 68106). For determination of platelet serotonin content, pipet 1-mL samples of PRP into plastic culture tubes (no. 2049; Falcon, Oxnard, CA 93030) and centrifuge at 2000 X g and 4 #{176}C for 15 mm. Remove the supernatant fluid and wash the pellet once with Isoton H. The washed pellet can be stored at -20 #{176}C until analysis. Pipet 1 mL of a 5 g/L solution of ascorbic acid into the tubes containing the platelet pellets. Use three tubes with 1-mL solutions of 5HT (0.2 to 1 zg) in the ascorbic acid solution as standards, and use tubes with 1 mL of ascorbic acid solution as blanks. Freeze all tubes in a solid COs/acetone bath. Sonicate each tube, using the freshly cleaned probe, for lOs at a setting of 4 on the Disruptor. Chill the sample until the mixture is just frozen, but not frozen into a hard solid mass, and then sonicate. Repeat this operation once more. Add 0.5 mL of the sonicated sample to 1.5 mL of ethanol with vigorous vortex-mixing. Centrifuge at 2500 X g for 20 mm. Carefully transfer the supernate into a clean test tube. Pipet 1 mL of it into a glass test tube, add 0.6 mL of concentrated HC1, and mix. Measure the fluorescence within 5 mm, with activation wavelength set at 295 nm and emission at 540 nm. Calculate the amount of 5HT, in micrograms per io platelets, by using the standard curve and the platelet counts.
About 12 to 15 samples in duplicate can be processed in a routine working day. All samples can be processed simultaneously up to the point of HC1 addition, which is done to only two or three tubes at a time.
Results
The final fluorescence of 5HT in the concentrated HCI medium would be expected to depend upon the other components in the medium. The effect of various aliphatic alcohols on the fluorescence was studied. We mixed 1 mL of a 1 mg/L solution of 5HT with 1 mL of alcohol. From the resulting mixture, 1 mL was pipetted into glass tubes, mixed with 0.6 mL of concentrated HCI, and the fluorescence measured. The results (Table 1) show that the fluorescence is most intense with ethanol in the medium; the ethanol also serves to precipitate the proteins.
We studied the effect of ethanol concentration upon the final fluorescence by measuring the fluorescent intensity of the same amount of 5HT, keeping the concentration of concentrated HCI constant and varying the ethanol concentra- Vedousamountsof serotonin weresttjected to the recomended procexe.
The fInal solution contained, per liter. 470 mL of ethanoland 380 mL of concd.
tion. The results (Table 2) show that the fluorescence is maximal when the ethanol concentration is 380 mL/L, beyond which it remains constant. The final ethanol concentration in the finally adopted procedure is 470 mL/L. In an experiment similar to the one above, to determine the optimal amount of ascorbic acid, we found that the fluorescence remained stable when the ascorbic acid concentration in the final mixture exceeded 0.5 g/L. In the finally adopted procedure, the ascorbic acid concentration in the final mixture is 1.6 g/L.
When various amounts of standard 5 HT were analyzed by the recommended procedure, the measured fluorescence was linearly related to concentration (Table 3) . Essentially identical results were obtained if the standard solutions of serotonin were analyzed without being subjected to freezing and thawing and sonication. Thus there is no loss of serotonin during the analysis, but the standard solutions nevertheless should be freshly prepared. Ordinarily the platelet samples are washed with a solution of Isoton II; results were identical for samples washed either once or twice.
The reproducibility of the technique was determined by repeated analysis of platelet samples taken from the same individuals at the same time. With five different platelet samples an average coefficient of variation of 4.1% was obtained.
The analytical recovery was also tested. An average of 95% of three concentrations of added standards (in the range 0.125 to 0.5 tg 5HT) could be accounted for. Structurally similar compounds, such as 5-hydroxytryptophan and 5-hydroxyindole-3-acetic acid will interfere positively (Table 4) . Compounds lacking the 5-hydroxyindole structure will not interfere.
Blood was collected from normal men, ages 31 to 65 years, and the platelet 5HT estimated (Table 5 ). In Table 6 we compare the mean platelet 5HT content as measured by our technique and as reported by other investigators.
Discussion
The protective effect of ascorbic acid against oxidative loss of 5HT was first reported by Blum and Ling (14) , but it has not been widely used ass protective agent in analyses for 5HT. Udenfriend et al. (16) . The specificity of the technique was considerably enhanced by measuring 5HT fluorescence in very acidic solutions (3). Later it was reported by Das (6) that ethanol, used in the medium, enhances the 5HT fluorescence, and this observation has been incorporated into our procedure. As expected, some metabolically important 5-hydroxyindole compounds interfere with the proposed assay (Table 4) , but under normal conditions the contribution of such metabolites to a serotonin determination would be less than 6% (/7). Therefore the proposed method can be used for routine assays of 5HT in platelets. If the study requires determination of both 5HT and compounds metabolically related to it, the mixture will have to be separated by chromatography and the resulting components assayed individually.
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